RhoA-induced cytoskeletal tension controls adaptive cellular remodeling to mechanical signaling.
The ability to measure real-time mechanosensitive events at the subcellular level in response to discrete mechanical stimulation is a critical component in understanding mechanically-induced cellular remodeling. Vascular smooth muscle cells (VSMC) were transfected with RhoA constructs (wild type, dominant negative or constitutively active) or treated with ML-7 to induce specific cytoskeletal tension characteristics prior to mechanical stimulation. Tensile stress was applied to live VSMC using an atomic force microscope probe functionalized with extracellular matrix (ECM) proteins. The ECM induces selective integrin activation and focal adhesion formation, enabling direct manipulation of cortical actin through an active ECM-integrin-actin linkage. Therefore, locally induced mechanosensitive events triggered downstream activation of intracellular signaling pathways responsible for actin and focal adhesion remodeling throughout the cell. Integration of mechanical stimulation with simultaneous fluorescence imaging by spinning-disk confocal and total internal reflection fluorescence microscopy enabled visualization and quantification of molecular dynamic events at the sub-cellular level in real-time. Results provide evidence that the pre-existing cytoskeletal tension affects the actomyosin apparatus which in turn coordinates the ability of the cell to adapt to the externally applied stress. RhoA activation induced high cytoskeletal tension that correlated with increased stress fiber formation, cell stiffness, integrin activation and myosin phosphorylation. In contrast, blocking Rho-kinase or myosin function was characterized by low cytoskeletal tension with a decreased level of stress fiber formation, lower cell stiffness and integrin activation. Our findings show that VSMC sense and adapt to physical microenvironmental changes by a coordinated response of the actomyosin apparatus necessary to establish a new homeostatic state.